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From 1996 to 2002, the percentage of dairy cows treated with recombinant bovine somatotopin (rBST)
in the USA more than doubled, while the price of milk fell considerably. The benefits of the increased
milk production to consumers, and to the economy as a whole, were greater in 2002 than in 1996. The
economic surplus of producers who did not use rBST was more negatively affected by rBST in 2002 than
in 1996. Dairy producers who used rBST enjoyed an increased economic surplus from the increased milk
production associated with rBST during 1996. During 2002, the impact on producer surplus for users of
rBST was not significantly different from zero.
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I N T RO D U C T I O N

In February 1994, the US Food and Drug Admin-
istration approved the use of Posilac, which is
Monsanto’s genetically engineered version of
recombinant bovine somatotropin (rBST), to increase
milk production in US dairy cows (Fetrow 1999).
Surveys of the National Animal Health Monitoring
System (NAHMS), which is a program of the
Animal and Plant Health Inspection Service
(APHIS) of the United States Department of Agri-
culture (USDA), showed that 10.1 ± 1.4% of US
dairy cows were treated with rBST in 1996
(USDA, APHIS 1996), and that 22.3 ± 1.6% of US
dairy cows were treated with rBST in 2002
(USDA, APHIS 2002). The intervals are ± 2 sigma,
and present a range that encompasses a large frac-
tion of the distribution of values that could reasonably
be attributed to the percent of dairy cows treated
with rBST during these two periods. The precision
of the estimate (i.e. the width of the range) depends
on the uncertainties associated with the input quan-
tities that form the basis of the estimate.

Losinger (2006b) found that the use of rBST in
US dairy cows in 1996 increased milk production
by 1.2 ± 0.6 billion kg. This caused the price of
milk to fall by 2.2 ± 1.5 cents/kg, and the total
value of the milk produced to be $1.1 ± 0.9 billion
less than it would have been without rBST. This, in
turn, caused the economic surplus of consumers to
increase by $1.5 ± 1.0 billion, and the economic
surplus of dairy producers to fall by $1.1 ± $0.8
billion. The net gain to the US economy was
$440 ± 280 million.

An important question, not previously addressed,
is whether or not dairy producers who use rBST
fare better, or whether, as a group, they would be

better off economically if they did not use rBST. As
Figure 1 illustrates, consumers stand to gain eco-
nomic surplus as a result of the reduced price and
increased production that ensue from the use of
rBST. Dairy producers who do not use rBST stand
to lose economic surplus, because of the reduced
price. Consumer surplus is the difference between
what consumers are willing to pay for a product
and the amount that consumers actually pay, and
producer surplus is the difference between the
amount of money that producers receive for a com-
modity and the amount that they would be willing
to accept to supply a given quantity (Nicholson
1995). For example, a consumer who would have
willingly paid 30 cents for a kilogram of milk, but
who finds that the market price is only 27 cents,
enjoys a surplus of 3 cents, which he/she may either
save or spend on other items. Dairy producers who
use rBST, on one hand, lose economic surplus
because of the reduced price, but, on the other, gain
economic surplus as their output increases (Figure 1).
Whether producers who use rBST are, as a group,
better off using or not using rBST, depends on
whether the economic gain from the increased pro-
duction surpasses their economic surplus that is
transferred to consumers.

The purpose of the present analysis was to deter-
mine whether dairy producers, as a group, were
economically better off using rBST, or if they
would have been better off not using rBST, in 1996
and in 2002. In addition, the effects of rBST adop-
tion on equilibrium prices and quantities, and on
economic welfare (in terms of changes in consumer
and producer surplus), that resulted from the use of
rBST on US dairy operations were computed for
2002, and compared to values previously measured
for 1996 (Losinger 2006b).
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M AT E R I A L S  A N D  M E T H O D S

The methods for determining the economic impacts
of rBST in 2002 were the same as those described
by Losinger (2006b) to measure the economic
impacts of rBST in 1996. Losinger (2006a)
provided a comprehensive overview of the
economic-analysis methods involved. Briefly,
linear supply and demand curves were assumed,
with the use of rBST causing a parallel shift in the
supply curve. Changes in market price, value of
production, consumer and producer surplus, and
the total economic impact, were estimated using
standard procedures (Losinger 2006b). The eco-
nomic surplus transferred from producers to con-
sumers was divided proportionally between users
and nonusers of rBST. For nonusers of rBST, their
portion of the economic surplus transferred to con-
sumers represented the total of their economic loss
associated with rBST use. The portion of trans-
ferred economic surplus attributed to rBST users
was subtracted from the economic gains to produc-
ers that resulted from the increased sale of milk, to
compute the economic impact on rBST users.

The gum workbench (Metrodata GmbH 1999)
was used to generate the estimates and associated
uncertainties, which were evaluated in accordance
with the recommendations of the International
Organization for Standardization (1995). Losinger
(2004) provided a review of the gum workbench,
which is a specialized computer program for calcu-
lating standard uncertainties and coverage factors.
The gum workbench applies numerical partial
differential to compute sensitivity coefficients, and
uses Taylor-series approximation to compute standard
uncertainties, and Satterthwaite’s approximation to
combine degrees of freedom (Metrodata GmbH 1999).
One of the products of the GUM Workbench is the
Uncertainty Budget, which facilitates the evalua-
tion of sources of uncertainty (Losinger 2006a).

Table 1 lists the input quantities used in the ana-
lysis, their sources and uncertainties. The number
of cows in which rBST was used from 1996 to
2002 approximately doubled; the number of dairy
cows in the USA fell by about 188 000, while the
total quantity of milk produced increased by about
7 billion kg. The mean price of milk was consider-
ably higher in 1996 than in 2002, even in nominal
terms. To be able to compare the impacts of rBST
in 2002 against the impacts of rBST in 1996, it was
necessary to adjust the 1996 prices to reflect the
amount of inflation that occurred from 1996 to
2002. The Bureau of Labor Statistics (BLS)
provides an inflation calculator on its website
(http://www.bls.gov), and shows 15% inflation
from 1996 to 2002. The calculator does not provide
an uncertainty estimate of the inflation rate. The
BLS (2005) provides details on how variances
for price changes in the consumer price index (CPI)
were calculated, but does not provide variances
for price changes beyond 12 months. For a 12-month
period, the standard error provided by the BLS
(2005) is rather small (0.12%). However, the poten-
tial bias in the inflation rate is a point of much con-
tention. Lebow and Rudd (2001) estimated that the
CPI overstated the change in the cost of living by
about 0.6% per year (with a confidence interval
ranging from 0.1 to 1.2%). Carson (2004), on the
other hand, calculated that the CPI had been under-
estimated by 0.6% annually since 1998, and that
the bias has been growing over time. For this ana-
lysis, a rectangular distribution with limits between
10 and 20 was chosen. The rectangular distribution
is recommended when the researcher considers
that all values between two limits have the same
likelihood, or where it is not possible to choose a
specific value without having more information
(Kessel 2003).

The gum workbench was used to compute
estimates and uncertainties in the changes in the
quantity of milk produced, the price of milk, the
total value of milk produced, consumer surplus, pro-
ducer surplus, and the total gain to the US economy

Figure 1 Demand and supply for milk. S represents the 
supply curve for milk in the USA, in the situation where rBST 
is not used in dairy cows. S intersects with the Demand for 
milk, to determine the quantity of milk produced (Q) and the 
market price (P). Producer surplus is the area above S, and 
below the line segment P-b. Consumer surplus is the area 
below the demand curve, and above the line segment P-b. 
The use of rBST in dairy cows causes the quantity of milk 
produced to increase to Q′, the supply curve for milk to 
expand to S′, and, assuming no change in the demand for milk, 
the market price to fall to P′. A portion of what had been a part 
of the producer surplus (the area with dark vertical stripes 
enclosed by the quadrilateral defined by the points P′, P, b and 
c) is lost to both users and nonusers of rBST, but gained by 
consumers (whose total surplus increases by the area with the 
light horizontal strips enclosed by the quadrilateral defined by 
the points P′, P, b and a). The surplus of producers who use 
rBST increases by the dotted area between the two supply 
curves and below the line segment c-a. Whether producers 
who use rBST gain economically from depends upon whether 
the increased surplus exceeds their portion of the surplus that 
is transferred to consumers.

http://www.bls.gov
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Table 1 Input quantities used in the computation of economic impacts of rBST, their sources and uncertainties

Input quantity Distribution Value
Standard 
Uncertainty

Degrees of 
freedom Source

kg/cow milk-production increase with rBST Normal 1212 641 50a McBride et al. (2004)
Cows treated with rBST in 1996 (%) Normal 10.1 0.7 50 USDA, APHIS (1996)
Number of dairy cows in 1996 Normal 9 327 000 122 000b 50 USDA, NASS, 1999
kg milk produced in 1996 Normal 70.003 billion 630 millionb 50 USDA, NASS, 1999
Mean price of milk in 1996 ($/kg) Normal 0.328 0.004b 50 USDA, NASS, 1999
Price elasticity of demand for milk t –0.25 0.05 14 Meilke et al. (1996)

Price elasticity of supply for milk Rectangularc 0.56995 0.18855 ∞ Adelaja (1991)
Inflation, 1996–2002 (%) Rectangularc 15 5 ∞ US BLS Inflation Calculator
Cows treated with rBST in 2002 (%) Normal 22.3 0.8 50 USDA, APHIS (2002)
Number of dairy cows in 2002 Normal 9 139 000 119 000b 50 USDA, NASS, 2004
kg milk produced in 2002 Normal 77.141 billion 694 millionb 50 USDA, NASS, 2004
Mean price of milk in 2002 ($/kg) Normal 0.269 0.0035b 50 USDA, NASS, 2004

aFor normally distributed type B data, the gum workbench assigns a default value of 50 to the degrees of freedom (Metrodata GmBH 1999).
bUncertainties are based on USDA, NASS, 1996.
cFor the rectangular distribution, the value is the midpoint between the upper and lower limits, and the half-width of this limit is listed in the uncertainty column. Degrees of freedom are infinite by definition (Metrodata 
GmBH 1999).

t, Student’s t Distribution
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that resulted from using rBST in dairy cows in
1996 and in 2002, in terms of 2002 dollars. The
1996 milk price was multiplied by one plus the rate
of inflation between 1996 and 2002, in order to
make the results comparable. The 1996 inflation-
adjusted results were subtracted from the corre-
sponding 2002 results in the gum workbench,
in order to achieve the comparisons. The 1996
inflation-adjusted results, and the corresponding
2002 results, were assumed equal if they fulfilled
the following condition:

| Y1 – Y2 | ≤ k · u(Y1 – Y2)

where k = 2 and u denotes the standard uncertainty
of (Y1 – Y2) (Kessel et al. 2001).

R E S U LT S

In 1996, the loss to nonusers of rBST was
$1.33 ± 0.89 billion, while users of rBST realized
an economic gain of $250 ± 160 million (in 1996
US dollars). The 1996 results for other variables,
in 1996 US dollars, were previously presented
(Losinger 2006b). In 2002, the loss to nonusers
of rBST amounted to $2.0 ± 1.3 billion, while the
economic gain that accrued to users of rBST was
$180 ± 260 million, which was not significantly
different from zero.

Table 2 presents the economic impacts of
increased milk production associated with the use
of rBST in US dairy cows in 1996 and in 2002, in
terms of 2002 dollars, and the differences in the
economic impacts from 1996 to 2002. Except for
the economic surplus of rBST users, all differences
between 1996 and 2002 were statistically signifi-
cant (P < 0.05), although, in all instances, the indi-
vidual confidence intervals for 1996 and for 2002
were wide enough that they overlapped. The results
for 1996 and for 2002 were obviously correlated,
as they shared a number of input quantities in
common (i.e. the same production effect, price
elasticity of supply, and price elasticity of demand).
In computing uncertainties of combined results, the

gum workbench automatically takes such corre-
lations into account (Metrodata GmbH 1999).
Kessel et al. (2001) point out that it is extremely
important to investigate any possible correlation if
a difference between two results is calculated. Any
positive correlation will reduce the uncertainty of
the difference, and a nonsignificant difference can
become very significant when the correlation is
taken into account (Kessel et al. 2001).

Tables 3–5 present, respectively, the uncertainty
budgets for the total gain to the US economy that
resulted from increased milk production caused by
the use of rBST in dairy cows in 1996, in 2002, and
for the difference between 2002 and 1996, all in
terms of 2002 prices. The tables show that, although
rather wide margins were set for the confidence
interval for the amount of inflation from 1996 to
2002, the impact on the uncertainty of the final
estimates was small (< 1%). The impact of the
uncertainty assigned to the amount of inflation also
had a small impact on the uncertainty in the esti-
mates of the other economic parameters of Table 2.

D I S C U S S I O N

Losinger (2006b) previously discussed limitations
inherent in the study of the economic impacts of
the use of rBST in dairy cows. The same limita-
tions (which included not examining the costs of
rBST, not examining the effects on stakeholders
other than consumers and primary producers, and
not possessing real knowledge concerning the shape
of supply curves projected to the horizontal access)
would apply to the present study. Economists work-
ing in multidisciplinary settings often make use of
the assumption that a relatively small change in the
unit cost of production can be modelled as a parallel
shift of the supply curve, and then measure eco-
nomic impacts based on differences between the
two static situations. For example, Forsythe and
Corso (1994) assumed a parallel shift in the supply
curve when they measured the change in producer
surplus resulting from the National Pseudorabies

Table 2 Economic impacts of increased milk production associated with the use of rBST in US dairy cows in 1996 and 
in 2002. The 1996 prices have been adjusted to reflect inflation from 1996 to 2002. All differences between 2002 and 1996 are 
statistically significant (P < 0.05), except for the change in economic surplus for rBST users. Figures show are ± two sigma

Variable 1996 2002 Difference

Change in quantity of milk produced (kg × 109) 1.2 ± 0.6 2.5 ± 1.3 1.3 ± 0.7
Change in price of milk (cents/kg) –2.5 ± 1.7 –3.4 ± 2.3 –1.0 ± 0.8
Change in total value of milk produced ($ × 109) –1.3 ± 1.0 –1.9 ± 1.4 –0.6 ± 0.5
Change in consumer surplus ($ × 109) 1.7 ± 1.2 2.7 ± 1.8 1.0 ± 0.7
Total change in producer surplus ($ × 109) –1.2 ± 0.9 –1.8 ± 1.3 –0.6 ± 0.5
Change in surplus for rBST nonusers ($ × 109) –1.5 ± 1.0 –2.0 ± 1.3 –0.5 ± 0.4
Change in surplus for rBST users ($ × 106) 290 ± 180 180 ± 360 –110 ± 150
Total gain to US economy ($ × 106) 510 ± 320 890 ± 610 380 ± 320
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Table 3 Uncertainty budget for the total gain to the US economy that resulted from increased milk production caused by 
the use of recombinant bovine somatotropin in dairy cows in 1996, adjusted to reflect inflation from 1996 to 2002

Input quantity
Sensitivity 
coefficienta

Uncertainty 
contributionb Index c

kg/cow milk-production increase with rBST 4.8 × 105 1.5 × 108 90.7%
rBST use in dairy cows in 1996 (%) 5.8 × 107 4.0 × 107 6.2%
Number of dairy cows in 1996 6.2 × 101 7.6 × 106 0.2%
kg milk produced in 1996 –1.1 × 10–3 –6.7 × 105 0.0%
Mean price of milk in 1996 ($/kg) 1.5 × 109 3.3 × 106 0.0%
Price elasticity of demand for milk 4.6 × 108 2.3 × 107 2.0%
Price elasticity of supply for milk 5.7 × 107 6.2 × 106 0.1%
Inflation, 1996–2002 (%) 4.4 × 108 1.3 × 107 0.6%

a∂y/∂xi: describes how the estimated value of the measurand, y, varies with changes in the estimated value of the input 
quantity x1, x2, ... (International Organization for Standardization 1995).
bProduct of the standard uncertainty (Table 1) and the sensitivity coefficient. The sum of the squares of the values in this 
column equals the square of the uncertainty in the estimated value of the measurand y.
cPercentage contribution to the square of the measurand’s uncertainty. This is 100 times the ratio of the square of the input 
quantity’s uncertainty contribution to the square of the uncertainty in the estimated value of the measurand. This column 
sums to 100%, and provides information on the relative importance of the contribution of each input quantity to the 
uncertainty of the measurand. In the table above, most of the uncertainty in the change in consumer surplus derived from 
the price elasticity of demand for milk, followed by the kg/cow milk-production increase per percentage increase in rBST 
use.

Table 4  Uncertainty budget for total gain to the US economy that resulted from increased milk production caused by the 
use of recombinant bovine somatotropin in dairy cows in 2002

Input quantity
Sensitivity 
coefficienta

Uncertainty 
contributionb Indexc

kg/cow milk-production increase with rBST 9.1 × 104 2.9 × 108 92.6%
rBST use in dairy cows in 2002 (%) 5.0 × 107 4.0 × 107 1.7%
Number of dairy cows in 2002 1.2 × 102 1.4 × 107 0.2%
kg milk produced in 2002 –2.9 × 10–3 –2.0 × 106 0.0%
Mean price of milk in 2002 ($/kg) 3.3 × 109 5.8 × 106 0.0%
Price elasticity of demand for milk 1.4 × 109 6.9 × 107 5.0%
Price elasticity of supply for milk 1.7 × 108 1.9 × 107 0.4%

Table 5 Uncertainty budget for the difference between 1996 and 2002 in the total gain to the US economy that resulted 
from increased milk production caused by the use of recombinant bovine somatotropin in dairy cows in 2002 (in terms of 
2002 US dollars)

Input quantity
Sensitivity 
coefficient a

Uncertainty 
contributionb Indexc

kg/cow milk-production increase with rBST 4.4 × 104 1.4 × 108 76.8%
rBST use in dairy cows in 1996 (%) –5.8 × 107 –4.0 × 107 6.3%
Number of dairy cows in 1996 –6.2 × 101 –7.6 × 106 0.2%
kg milk produced in 1996 1.1 × 10–3 6.7 × 105 0.0%
Mean price of milk in 1996 ($/kg) –1.5 × 109 –3.3 × 106 0.0%
Price elasticity of demand for milk 9.2 × 107 4.6 × 107 8.2%
Price elasticity of supply for milk 1.1 × 108 1.2 × 107 0.6%
Inflation, 1996–2002 (%) –4.4 × 108 –1.3 × 107 0.6%
rBST use in dairy cows in 2002 (%) 5.0 × 107 4.0 × 107 6.2%
Number of dairy cows in 2002 1.2 × 102 1.4 × 107 0.8%
kg milk produced in 2002 –2.9 × 10–3 –2.0 × 106 0.0%
Mean price of milk in 2002 ($/kg) 3.3 × 109 5.8 × 106 0.1%
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Eradication Program. The present study made use
of a partial-equilibrium model, which examined
strictly the economic-welfare effects on dairy pro-
ducers and consumers of increased milk produc-
tion associated with the use of rBST in dairy cows.
It is not known whether the effect of rBST on milk
production per cow changed from 1996 to 2002.
The per-cow production effect reported by
McBride et al. (2004) was based on a survey that
took place in between these years, and was hope-
fully applicable to both years.

Monsanto’s price for Posilac remained unchanged
from 1994 to 2004, when a 9% price hike was
announced (Pollack 2004). Fetrow (1999) provided
some information on the costs associated with
rBST: $91 per year in rBST costs, $9 per year in
nonfeed costs, and extra feed costs that increased
as the milk-production response increased. Tauer
(2005) reported that Monsanto sold Posilac during
1988 and 1989 at $5.80 per 14-day dose, with dis-
counts if a higher percentage of a farmer’s herd was
treated. Tauer (2005) stated that cows were not
treated in early lactation or during dry periods, and
that the most a farmer could pay would be $150.80
a year per cow for rBST. Using Fetrow’s (1999) $91
for what US dairy farmers paid per year per cow
treated with rBST, this would have amounted to
about $86 million in 1996 and $190 million in
2002. Compared to the 1996 gain in economic sur-
plus of about $250 million (which did not include
costs associated with using rBST), users of rBST,
as a group, still came out ahead, when one only
considers what was paid for the rBST in 1996. In
2002, many more producers were using rBST, and
the potential economic benefits to users of rBST
were roughly equal to the cost of the rBST. Extra
feed costs, which increase with the augmentation
in the rBST-related milk-production response, may
turn out to be more costly to producers than the
rBST itself (Fetrow 1999). Thus, if one considers
the extra feed and labour costs, in addition to the
cost of the rBST (Fetrow 1999), dairy producers
were, as a whole, coming out behind in 2002,
whether they used rBST or not. Additional poten-
tial costs to consider, that may be associated with
rBST use, include extra record-keeping, increased
days open, and elevated levels of mastitis, lameness,
and heat stress (Butler 1999).

The results of the present analysis should not be
understood as a recommendation that individual
dairy producers not use rBST. An analysis of
aggregate welfare impacts is not an especially use-
ful decision tool for individual producers. One pro-
ducer’s decision to use rBST would probably not
have a significant impact on the market price. Each
producer needs to take stock of his/her own situ-
ation, and if he/she decides that the income from the
extra milk would exceed the expense and trouble of
using rBST, then he/she would be well advised to

use rBST. Fetrow’s (1999) presentation would
provide useful guidance to individual producers in
deciding whether or not to use rBST.

On the plus side, Fetrow (1999) points out that
the use of rBST may result in less cow manure
produced per kilogram of milk; and may reduce the
feed needed to support a given level of milk pro-
duction (because fewer cows are required to pro-
duce a given quantity of milk), and thus reduce the
amount of crop land, water, fuel and agricultural
chemicals required to support dairy production.
These benefits are worthy of further investigation,
and are beyond the scope of the present paper.
The average size of a US dairy operation has been
increasing over time (Losinger 2006b), and con-
cerns associated especially with manure and efflu-
ent disposal may become magnified as the scale of
the operation increases (Fernandez et al. 2002).

An important question posed by Butler (1999)
was whether Monsanto, as a monopolist, was extract-
ing all of the innovation rents associated with rBST,
and whether this was ‘optimal’. Tauer (2005) found
that using rBST did not increase per-cow profit,
and speculated that Monsanto may have been fully
capturing the net return from the use of rBST by
charging a high price for Posilac. Foltz and Chang
(2002) and McBride et al. (2004) similarly found
that, while rBST significantly increased milk pro-
duction, there was no significant increase in profits
per cow. A profit-maximizing firm that enjoys a
monopoly will endeavour to produce a level of
output such that the marginal revenue (i.e. the extra
revenue that the firm receives when it sells one
more unit of output) equals the marginal cost (i.e.
the additional cost of producing one more unit of
output) (Nicholson 1995). The firm is confronted
with the challenge of anticipating the demand for
its product, and then producing just enough so that
the cost associated with producing the last dose of
rBST just equals the extra revenue that can be
extracted from the last dairy producer who would
be willing to purchase the same. A rule-of-thumb,
assuming a linear downward-sloping demand curve
and a fixed marginal cost of production (equal to the
average cost of production), is that the monopolist
will maximize profit by producing and selling
one-half of the quantity that could have been sold
at cost (Figure 2). Computing the profit-maximizing
quantity is something of a trick for a monopolist
with a new product, particularly when the new
product is met with as much controversy as Mon-
santo encountered with the introduction of Posilac.
Monsanto reported a gross profit of 65% associated
with sales of Posilac during 2004 (Monsanto 2006).

A common objection to monopolies is the pres-
ence of a dead-weight loss, or a net social loss that
occurs when a monopolist reduces output from the
level at which demand equals the marginal cost of
production, to the level at which the monopolist
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maximizes profit (Nicholson 1995). If Monsanto
had chosen to increase production to the level where
demand equalled the marginal cost of production
(and to reduce the price to equal the marginal cost
of production), then Monsanto’s monopoly profits
would have been eliminated, and many more dairy
producers would have been tempted to use rBST.
This, in turn, would have driven down the price of
milk, and transferred even more gains to consumers.

The possibility of monopoly profits does afford
biotechnology firms an incentive to continue to
research, develop, and market new production-
enhancing technologies. Given the present econo-
mic situation, US dairy producers would probably
stand to benefit more from new or expanded
markets for dairy products than they would from
new production-enhancing technologies.
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